Previous karyotypic analysis of human small cell lung cancer cell lines has demonstrated a consistent deletion of a portion of the short arm of chromosome 3(pl4-23). DNA prepared from tumors and normal tissues obtained from 24 small cell lung cancer and two extrapulmonary small cell cancer patients was hybridized to four probes that detect restriction fragment length polymorphisms within chromosome region 3p14-21. Of the 25 patients who were heterozygous for at least one marker in this region in the DNA from normal tissue, 23 (92%) showed an unequivocal loss of heterozygosity in the DNA from their tumor tissue. From these studies we conclude that loss of alleles from the short arm of chromosome 3 is a consistent finding in unselected small cell lung cancer patients' tumor DNA.
Introduction
The deletion of chromosomal regions in specific cancers was initially identified by karyotype analysis of childhood tumors. Karyotype studies and biochemical analysis of esterase D in familial retinoblastoma tumors and normal tissues identified chromosome 13q14 as the critical region for deletion in this cancer (1) (2) (3) (4) (5) . Subsequent DNA restriction fragment length polymorphism studies using probes that map at or near 1 3q 14 in nonfamilial cases demonstrated deletion ofgenetic material in sporadic cases as well (6, 7) . In a subset of Wilms' tumor patients with accompanying aniridia, a deletion of chromosome 1 1p13 was identified cytogenetically (8, 9) . Additional studies using 1 lp restriction fragment length polymorphism probes in sporadic Wilms' tumor patients whose tumors appear karyotypically normal have also demonstrated deletion of genetic material in the area of 1 p13 in tumor compared to their normal tissue DNA (10) (11) (12) . Therefore, in both of these rare childhood tumors, karyotypic analysis of familial or congenital cases has identified regions of chromosomes that have also been shown to be deleted in sporadic cases by restriction fragment length polymorphism studies of normal and tumor tissue DNA.
In contrast to these rare childhood tumors, small cell lung cancer is a common adult tumor with more than 30,000 cases per year in the United States (13) . Small cell lung cancer is one of the few adult solid tumors where a consistent chromosomal abnormality has been described. A deletion involving chromosome bands 3p14-23 has been identified by shortest overlap analysis of cytogenetic data from small cell lung cancer cell lines and tumors (14) (15) (16) (17) . Most ofthis cytogenetic analysis was performed on small cell lung cancer cell lines. Tumor cell lines are established from a minority of our small cell lung cancer patients and these patients have a shortened survival compared with patients who do not have cell lines established (18) .
Therefore, the tumor cell lines may not be typical of all small cell lung cancer patients' tumors but may be more likely to be established from patients with aggressive tumors leading to a shortened patient survival. In addition, cell culture conditions may select for a nonrepresentative subpopulation of tumor cells. Therefore we considered it important to study chromosome 3p in tumors taken directly from patients before cell culture conditions. While cytogenetic studies targeted the 3p region, the aneuploidy of the tumor cells and multiple other chromosomal changes left open the possibility that the 3p region was relocated in the tumor cell genome and was not actually deleted. We have recently shown using DNA probes that detect restriction fragment length polymorphisms within 3pl4-23 that the DNA markers localized to the short arm ofchromosome 3 lose their heterozygosity in DNA prepared from seven small cell lung cancer patients' tumors and two cell lines (19) suggesting actual loss of DNA from the 3p region. However, this small sample size precluded extrapolating this data to the full range of small cell lung cancer patients. In this report, we extend our analysis by 19 additional patients representing a more diverse spectrum of the disease. In addition, established tumor cell lines are available for study from some of these small cell cancer patients (20) . This now allows us to investigate this deletion in a series of 26 tumor samples obtained directly from 24 unselected small cell lung cancer patients and 2 extrapulmonary small cell cancer patients in a variety of clinical situations. In the present study four probes that detect restriction fragment length polymorphisms within the previously described deletion of chromosome 3p14-23 were used to investigate allele loss from DNA prepared from tumors obtained directly from patients before cell culture conditions.
Methods
Tumors and normal tissues were obtained from 24 patients with histologically documented small cell lung cancer and 2 with extrapulmonary small cell cancer treated on institutional review board approved protocols at the NCI-Navy Medical Oncology Branch. The patients' clinical characteristics and course were reviewed and the age, sex, stage ofdisease, history ofchemotherapy treatment, response to chemotherapy, and survival were recorded. The patients were staged as limited, extensive stage disease or extrapulmonary and the response to chemo-therapy was defined as partial or complete as previously described (21) . Survival was measured from the initiation ofchemotherapy treatment.
Tumor and normal tissues procured at postmortem examinations were grossly identified, collected, and reviewed by the authors, including an anatomic pathologist. Normal tissue was obtained by serially sectioning an uninvolved organ with subsequent histological documentation of lack of tumor involvement. Tumor cell lines were established using techniques previously described (20) .
High molecular weight DNA was prepared from tumors and normal tissue using finely minced tissue by the method of Hieter (22) while DNA was prepared from cell lines as previously described (18) . 5 jgg of DNA was digested with appropriate restriction endonucleases, electrophoresed in 0.8% agarose, transferred to nylon filters and hybridized to radiolabeled DNA fragments. The eight chromosome 3 probes used in this study are listed in Table I .
Results
Tumor and normal tissue was available for study from 26 small cell cancer patients treated at the NCI-Navy Medical Oncology Branch from 1983 to 1986 (Table II) . The restriction fragment length polymorphism data on patients 1-7 has been previously reported and the same numbering system is used in this report (19) . This series of small cell cancer patients had a median age of 56 (range 25 of the 26 patients had heterozygous loci detected in the DNA prepared from their normal tissue with at least one of the four probes (pMSl-37, p 12-32, pH3H2, and pH3E4) identifying restriction fragment length polymorphisms in the region of 3p14-21 (Table III) . 22 of these 25 tumor DNAs (88%) showed reduction to homozygosity of one or more heterozygous loci detected in normal tissue DNA within 3pI4-21 (Table I) . pared with their normal tissue DNA. The normal tissue DNA prepared from patients 5 and 6 had two alleles (2.9 and 1.3 kb) when digested with the restriction endonuclease MspI and hybridized to the probe p12-32 (D3S2). The small cell lung cancer tissue DNA prepared from patients 5 and 6 had only one allele (2.9 kb) when digested with Msp I and hybridized to p 12-32. Therefore, the allele corresponding to 1.3 kb has been lost in the DNA from tumor tissue compared to the DNA from normal tissue from the same patient. Patient number 10 was the only patient that had multiple heterozygous loci detected in his normal DNA and only one ofthe three loci is reduced to homozygosity in his tumor DNA. In patient 10, the heterozygous locus detected by pH3H2 at 3p2 1 in normal tissue DNA is reduced to homozygosity in the tumor DNA while the heterozygous loci detected more proximally at 3p14 (D3S3) and 3p14-21 (D3S2) are retained in the tumor DNA (Table III) . The other 21 patients' tumor DNA showed reduction to homozygosity of all heterozygous loci detected in normal tissue DNA by probes that detect restriction fragment length polymorphisms and have been mapped to 3p14-23 (Table I) .
DNA from the tumor sample of patient 14 collected at autopsy showed persistence of the heterozygous locus (DNF15S2) present in DNA prepared from his normal tissue. with little evidence of cancer. Therefore, the persistence of the heterozygous locus (DNF1 5S2) in the DNA from the autopsy tissue specimen we initially believed to contain tumor by gross examination was probably from the predominance of DNA prepared from the normal cells in the autopsy tissue specimen. We were able to establish a tumor cell line from patient number 14 before his death. The DNA from this small cell lung cancer cell line, H847, showed a loss of heterozygosity compared to the DNA from his normal tissue (Table III) .
The clinical situation of patient 8 was consistent with a diagnosis of extrapulmonary small cell cancer. He presented with a prostate primary tumor and a subsequent autopsy showed no evidence of a primary tumor in his lung. The tumor DNA showed persistence of heterozygosity of the restriction fragment length polymorphisms detected by probes pH3H2 and p 12-32 in the normal DNA. The cell line, H660, established from patient 8 also showed persistence of heterozygosity at both loci (DNF I5S2 and D3S2) in the tumor cell line DNA. The morphologic and biochemical analysis of the cell line were consistent with a small cell cancer tumor cell line (20 
Discussion
The previous karyotypic description of loss of one homolog of the short arm of chromosome 3 with the smallest overlap region of 3p14-23 in small cell lung cancer cell lines and tumors (14-17) has not been observed by all investigators (37) . This study, using probes that identify restriction fragment length polymorphisms in normal tissue DNA in the area previously described as being deleted in small cell lung cancer cell lines, has provided additional evidence for consistent loss of heterozygosity in the tumor DNA compared to the normal tissue DNA from the same small cell lung cancer patient. In addition, the tumor DNA from patient 10 shows reduction to homozygosity of a heterozygous locus (DNF1 5S2) detected at 3p2 1 in normal tissue DNA while retaining heterozygous loci 1 . Abbreviations used in this paper: CP, ceruloplasmin; SST, somatostatin; TF, transferrin. in his tumor DNA at 3p14 (D3S3) and 3pl4-21 (D3S2). This potentially localizes the important deleted segment of DNA as distal to the D3S2 locus and suggests that DNF1S2 may be more closely linked with the important deleted segment of DNA.
This study of26 unselected small cell cancer patients shows that reduction to homozygosity in tumor DNA of heterozygous loci in normal DNA from the short arm ofchromosome 3 is not confined to a subset ofpatients but is a consistent finding in small cell lung cancer. This loss of alleles is consistent in tumors from small cell lung cancer patients regardless of age, sex, stage, chemotherapy treatment status, or survival (Table  II) . In addition, studying a defined cohort of patients with clinical information available has allowed us to document that these 24 small cell lung cancer patients have similar characteristics and clinical courses as other typical series of small cell lung cancer patients (38).
Small cell lung cancer cell lines have previously been shown to be established from patients with a more aggressive shortened clinical course (18) . In addition, cell culture conditions may select a subpopulation of cells present in a tumor and it is currently unknown to what extent a cell line is representative of a particular tumor. This study has shown that the loss ofalleles from chromosome 3p takes place in tumors from patients in all clinical settings and not just in those patients whose tumor has grown in cell culture.
The availability of clinical histories, tumor cell line DNA, plus histologic review of tumor and normal tissue specimens has allowed us to propose potential explanations for the observations made in patients 14 and 8. The review of histologic sections from what was believed to be a tumor specimen at postmortem examination from patient 14 showed a predominance of normal cells with very few viable tumor cells present. The study of DNA from the tumor cell line established from patient number 14, H847, showed reduction to homozygosity of a heterozygous locus (DNF1 5S2) present in normal DNA. Therefore we believe that the persistence of heterozygosity present in what was judged to be tumor tissue actually represents the contaminating normal cells, and the loss of heterozygosity of the 3p loci in the tumor cell line DNA represent the patient's cancer.
There are two exceptions to the consistent loss of heterozygosity of 3p loci in tumor DNA from small cell cancer patients. In patient 8 neither the tumor nor the tumor cell line (H660) DNA from patient 8 showed loss of heterozygosity of 3p loci compared to normal tissue DNA (using currently available probes). Despite the biochemical and morphological characteristics typical of small cell cancer in the cell line established from this patient (20) , he has a very unusual presentation. Although this patient had a histologic diagnosis of small cell cancer, his cancer started in his prostate gland with no evidence ofprimary cancer in his lung and may be biologically different explaining the persistence of heterozygosity in his tumor DNA for both chromosome 3p heterozygous loci detected in his normal DNA. The presence of a heterozygous locus in tumor DNA from patient 19 could represent the absence of deletion of DNA from 3p or the deletion did not encompass the heterozygous locus at 3p21 (pH3H2) detected in normal DNA. Alternatively, the probes used in this study may not detect rare small deletions in small cell lung cancer tumors.
The reduction to homozygosity of heterozygous loci mapping to areas of chromosome 3 other than the short arm is not a common event in small cell lung cancer tumor DNA. 4 of 19 small cell cancer tumor DNAs showed a reduction to homozygosity of one heterozygous locus mapping to 3q compared to normal tissue DNA and two of these four still had other heterozygous loci mapping to 3q present in their tumor DNA. Therefore the loss of chromosome 3 alleles in small cell lung cancer appears to typically involve the short arm of chromosome 3 because heterozygous loci on the long arm of chromosome 3 are retained in 17 of 19 (89%) small cell lung cancer patients' tumor DNA. This is consistent with the previous cytogenetic (14, 15) and restriction fragment length polymorphism studies (19) suggesting the most common mechanism of loss of genetic information from chromosome 3p is an intersititial or terminal deletion.
The long arm of chromosome 13 was the only other chromosomal area studied where the loss of heterozygosity of restriction fragment length polymorphisms commonly occurs in tumor DNA. Of the 12 patients who had heterozygous loci detected by DNA fragments that map to 13q22 to 13qter, 8 showed reduction to homozygosity. This is of interest because this same locus has been reported to be deleted in retinoblastoma tumor DNA by restriction fragment length polymorphism studies and is near the Rb locus at 13q14 (1-7). Additional studies are needed to confirm this initial observation and to study the Rb locus more directly in small cell lung cancer. None of the DNA from six other adult carcinomas studied showed deletion of any 3p alleles.
In tumors other than small cell lung cancer where deletions of genetic material may be important in the generation of malignancy, the identification of specific chromosomal deletions in retinoblastoma and Wilms' tumors was initially prompted by the cytogenetic analysis of normal lymphocytes and tumors in familial cases and congenital syndromes respectively (1-5, 8, 9) . The identification of families or congenital syndromes associated with small cell lung cancer is very rare (13) . In contrast to retinoblastoma and Wilms' tumors where inheritance appears to play a significant role in the development of the tumor (39) , nearly all small cell lung cancers are associated with cigarette smoking (13) . The chromosomal deletion in small cell lung cancer, therefore, was initially identified in karyotypic analysis of sporadic cases of small cell lung cancer cell lines (14) (15) (16) (17) (41) .
The identification of a consistent loss of heterozygosity at 3p loci in small cell lung cancer tumors using restriction fragment polymorphism studies provides additional support for this chromosomal region to be important in the generation of small cell lung cancer. It is of interest that the chromosome 3p region is implicated in renal cell carcinoma as well. Zbar et al. described the loss of 3p alleles in sporadic renal cell carcinoma using restriction fragment length polymorphism studies (42) . Similar to the findings in our small cell lung cancer patients' tumor DNA, all heterozygous alleles in normal DNA detected at the DNF1 5S2 locus were reduced to homozygosity in the renal cell carcinoma DNA. In addition, Dr. Zbar identified a single patient where the heterozygous alleles detected in DNA from normal tissue at DNF1 5S2 were reduced to homozygosity in the tumor DNA, while the heterozygous alleles detected at D3S2 were retained in the tumor DNA similar to patient 1O presented here. If the same recessive gene located on 3p is involved in the etiology of small cell lung cancer and renal cell carcinoma as has been proposed by Zbar (42) , the gene appears to be more closely linked with DNF15S2 on 3p21 than with D3S2 or D3S3 on 3pl4.
Abnormalities of chromosome 3 have also been identified in familial renal cell carcinoma. A t(3;8) (p14.2;q24.1) constitutional reciprocal translocation (27, 43) and a 3; 11 translocation limited to the tumor cells (44) have been described in familial studies of renal cell carcinoma. The D3S2 probe hybridizes to the der (8) chromosome in the familial t(3;8) constitutional reciprocal translocation (27) , suggesting the breakpoint is proximal to the D3S2 locus. In contrast to these familial studies suggesting the important region on chromosome 3 is proximal to D3S2, the studies of small cell lung cancer DNA and sporadic renal cell carcinoma DNA would suggest that DNF1 5S2 is more closely linked to a potential recessive cancer gene, which is more distal on chromosome 3p than D3S2. Potential reasons for the different chromosome 3 regions involvement in the familial cases ofthe 3;8 translocation in renal cell carcinoma versus small cell lung cancer and sporadic renal cell carcinoma include a different gene on chromosome 3 causing the familial renal cell carcinoma than small cell lung cancer and sporadic renal cell carcinoma, a submicroscopic deletion accompanies the chromosomal translocation in the t(3;8) familial renal cell carcinoma, or the constitutional translocation ofchromosome 3 is not the etiologic event in the generation of the familial renal cell carcinoma but allows a deletion of DNA distal to the breakpoint on chromosome 3p to subsequently occur. Cloning of cDNAs in this region will provide reagents to experimentally test this relationship. Additionally, further investigation is needed to determine if deletion ofchromosome 3p may be helpful in the clinical diagnosis of small cell lung cancer.
